C for 3 h. The borided samples were characterized by X-ray diraction, scanning electron microscopyenergy dispersive spectroscopy, and prolometry. The boride layers were composed of FeB, MnB, MnB2 and Fe2B phases for the samples borided at 1000
• C and 1100
• C while the sample borided at 900
• C was composed of only FeB and MnB. The boride layer was well adhered to the substrate with saw-tooth like morphology however some discontinuous band of cracks were observed in the boride layer. The concentration ratio of Fe and Mn were equal along the thickness of the coating though in some areas their ratio interchanged. The boride layer thickness and surface roughness increased with boronizing temperature. [18] . Besides the type of the substrate material itself, the alloying elements in substrate material directly aect the properties of boride layer [1, 2, 68] . There are limited studies about the eect of alloying elements on boronizing behaviour of steels [915] . Being an austenite stabilizing element, manganese is added to steels to improve mechanical properties and used up to 32 wt% in specic steels [1621] . The eect of manganese on the boronizing behaviour of low carbon steel and FeMn binary alloys containing less than 1 wt% Mn were reported [2, 17] . However results obtained from these studies are contradicting in terms of determining the morphology, microstructure and thickness of boride layers [2, 17] .
Therefore another attempt was made to clarify the specic eect of Mn on boronizing behaviour of pure iron by adding 116 wt% Mn into pure iron [9] . Although in this study, thickness, interface morphology and microstructure of the boride layer were not signicantly different compared to borided pure iron, the increasing Mn content prevented the crack formation between FeB and Fe 2 B phases. This ineectiveness of Mn was attributed to the similarities of iron and manganese both in atomic and crystal structure. Taking as a guide the similarities between iron and manganese, the aim of this study is whether the equal addition of iron and manganese will change the boride layer properties in comparison with the previous report. X-ray diractometer with a Cu K α radiation over a 2θ range from 20
• to 90
• was used for the phase determination of boride coatings. Then the samples were cut into two pieces, mounted into epoxy resin, ground and polished for cross-sectional microstructure examination.
Zeiss OM was employed for cross-sectional examination.
The Philips XL30 SEM with EDS facility was used to examine the chemical composition of the borided samples from the cross-section of polished samples.
3. Results (Fig. 1) during the cooling stage after boronizing. Although much longer cracks were widely reported for the borided ferrous materials, the cracks for borided FeMn in this study are much shorter in size [2] .
It should be noted that in the previous study it was reported that the crack formation was avoided by high Mn addition into Fe [9] .
Fe, Mn and B distribution obtained along the thickness of boride coating was shown in the SEMEDS spectrum (Fig. 3b) along a line from the surface of boride layer to the substrate with cross-sectional SEM image (Fig. 3a) for borided FeMn alloy at 1100
• C. The spectrum (Fig. 3b) shows that the concentration of Fe and The boride thickness and surface roughness increased with boronizing temperature.
